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REPRODUCTION OF THE MARSH HARRIER CIRCUS
AERUGINOSUS IN RECENT LAND RECLAMATIONS IN THE
NETHERLANDS
C. DIJKSTRAl,2 & M. ZIJLSTRAI
Dijkstra C. & M. Zijlstra 1997. Reproduction of the Marsh Harrier Circus
aeruginosus in recent land reclamations in The Netherlands. Ardea 85: 37-
50.
We studied temporal variation in reproductive performance of Marsh Har-
riers Circus aeruginosus in two land reclamations in The Netherlands, i.e.
South Flevoland and the Lauwersmeerpolder, embanked in 1968 and 1969
respectively. The number of breeding pairs in Flevoland rapidly increased
to a maximum of 350 pairs (± 1 pair km-2) in 1977, followed by a sharp de-
cline in the 1980s due to large-scale cultivation. The same trend was ob-
served in the Lauwersmeer, although colonization was retarded and peak
densities were reached later. In both study areas mean clutch size as well as
the number of fledglings per nest decreased in the course of the twenty
years of study. Two factors were responsible for this decline in reproductive
output: (1) decrease of food abundance in the course of the years, and (2)
an increase of nest predation, mainly by the Red Fox Vulpes vulpes. Super-
imposed on these long-term changes, annual fluctuations in density of the
Common Vole Microtus arvalis had a considerable effect on the number of
breeding pairs, as well as the fledgling production. Mean annual clutch size
was associated positively, and laying date negatively, with the average an-
nual temperature during the pre-laying phase.
Our results indicate that the early stages of succession, during the first de-
cade after reclamation, are characterized by high prey abundance (i.e. vole
'plagues') and low densities of ground predators, and offer favorable
breeding conditions for Marsh Harriers. The simultaneous negative effects
in recent years of less breeding habitat, decreased prey abundance and in-
creased predation on reproductive output, exert pressure on these popula-
tions. The intense nest predation (50% of all nests), as recorded in the Lau-
wersmeer since 1990, may eventually cause local extinction in the absence
of, relatively safe, inundated breeding habitat.
Key words: Circus aeruginosus - reproduction - succession - predation -
prey abundance - Vulpes vulpes - Microtus arvalis
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stad, The Netherlands; 2Address for correspondence: Zoological Labora-
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INTRODUCTION
The past three decades have witnessed substantial
increases in numbers of many raptor species in W.
Europe. These changes are probably attributable
to the ban on organochlorine pesticides and laws
against persecution (Bijleveld 1974, Newton
1979). For some raptor populations in The Nether-
lands, there has simultaneously been a third factor
of potential importance: several large scale land





Fig. 1. Development of land use in the polder
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colonize the new areas more slowly. It is thus of
interest to evaluate how these biotic factors have






Data on Marsh Harrier reproduction were col-
lected in two polders in The Netherlands: South
Flevoland (52°20'N, 05°20'E; 430 km2) was re-
claimed from the fresh water lake IJsselmeer in
1968, and the Lauwersmeerpolder (53°20'N,
06°15'E; 91 km2) in 1969 from the Waddensea. In
South Flevoland, reed was sown for soil-ripening
purposes in the year after embankment, resulting
in extensive suitable breeding habitat for Marsh
Harriers in 1970. During the following fifteen,
years the polder was gradually brought into culti-
vation, except for c. 40 km2, (i.e. 9% of the total
area) in the nature reserves Oostvaardersplassen
and Lepelaarplassen (Fig. 1). During the first 5-10
years of cultivation, extensive state-managed ag-
riculture was carried out, before the ground was
sold for private, intensive farming. Eventually
53% (230 km2) of the polder was transformed
into agricultural land, and 21 % (90 km2) was fo-
rested. Another 17% (70 km2) was used for urban
reclamations in the 1960s. In earlier reclamations,
e.g., in the Noordoostpolder, a 490 km2 polder re-
claimed in 1940, it was noted that especially the
Marsh Harrier Circus aeruginosus bred in high
densities for a number of years (Bakker 1954).
Cultivation of the land caused this to be only a
temporary settlement. With the creation of the
polders 'South Flevoland' (1968) and 'Lauwer-
smeer' (1969), it was decided to monitor raptor
populations more closely, and study their re-
sponses to the changes in habitat. Because of ra-
pid succession and change in land use, the polders
provided a unique opportunity to study the re-
sponses of different bird species. In particular, to
assess the extent to which marked population
fluctuations are attributable to, on the one hand,
changes in reproductive output, and on the other
to numerical responses of the adult population in
terms of dispersal and survival. In the present pa-
per, we evaluate thirteen years of data on repro-
duction of the Marsh Harrier in Flevoland, and
eighteen years of data from the Lauwersmeer
area.
The Marsh Harrier lends itself in particular to
this analysis, since it is a bird adapted to breeding
in high reed Phragmites australis vegetation,
characteristic of young polders. Marsh Harrier (e-
productive biology has been intensively studied
in more stable marshlands in Poland (Witkowski
1989) and France (Bavoux et al. 1989), and these
data will be used as a reference in our current
analysis. The conspicious increase of the breeding
population in the Lauwersmeer has been reported
by Altenburg et al. (1987). In addition to repro-
ductive parameters, we have collected and ana-
lysed data on one of the primary food items, the
Common Vole Microtus arvalis and on a domi-
nant predator, the Red Fox Vulpes vulpes. It is
well known that one of the typical changes fol-
lowing embankment of new polders is a tempo-
rary outbreak of voles (Noordoostpolder: Bakker
& van der Zweep 1949; East Flevoland: Cave
1968; Lauwersmeer: Timmerman 1971; Volkerak:
Dijkstra 1994). This may well be an influential
factor in fluctuations of raptor populations. Preda-
tors (and food competitors) such as the Red Fox
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development (Fig. 1).
After reclamation of the Lauwersmeerpolder
(1969) from the Waddensea, a fresh water lake (±
20 km2 , i.e. 22%) remained in the lowest central
part of the area. The higher sandflats and former
salt-marshes fell permanently dry. In this polder
no reed was sown and vegetation succession on
the former sandflats was slow, due to persisting
salinity (Joenje 1978). On the higher parts along
the edge of the polder suitable breeding habitat
for Marsh Harriers emerged in the first years after
embankment (Altenburg et at. 1987), due to natu-
ral development of dense vegetation, dominated
by Atriptex prostata, Epitobium hirsutum and
reed. After about ten years, reed gradually spread
over the former sandflats, thereby extending the
potential breeding habitat for Marsh Harriers (Al-
tenburg et at. 1987). For a detailed description of
vegetation development and management in the
Lauwersmeer we refer to Beemster et at. (1989).
In contrast with South Flevoland, no large-scale
cultivation of the major breeding grounds oc-
curred.
The number of Marsh Harrier nests was deter-
mined annually in both polders for the first 25
years after reclamation (until 1994). Data on re-
productive output were collected in South Flevo-
land from 1975 to 1987, and in the Lauwersmeer
from 1977 to 1994. Nests were located by observ-
ing courtship behaviour, nest building and prey
deliveries. A clutch was considered completed,
when at two consecutive nest visits the same
number of eggs was present. Laying date of the
first egg was determined by back-calculation, as-
suming that the eggs were laid every other day.
When the nest was found after the laying period
we used the wing-length of the eldest nestling to
estimate hatching date and subtracted 33 incuba-
tion days, to calculate the laying date of the first
egg of the clutch (Zijlstra et at. 1992). Reproduc-
tive success was recorded shortly before fledging,
when the young were ringed. Prey items found on
the nests were counted and identified.
Common Vole abundance was estimated in
the Lauwersmeerpolder for the years 1981 to
1992, by means of break-neck trapping, per-
formed six times per year (1981-1986) and then
three times per year (March, July, September, in
1987-1992). At every census, 500 traps, baited
with carrot, were distributed over ten fixed plots
(50 traps per plot). The traps were checked for the
next three days and then removed. This resulted
in 500 (traps) x 3 (nights) = 1500 trapnights per
census (for details, see Dijkstra et at. 1988). Addi-
tional information on local vole densities was
available from other sources (Daan & Slopsema
1978, Hoogenboom et at. 1984, Masman et at.
1988, Dijkstra et at. 1990). Mean temperatures per
lO-day interval, based on data from the five main
meteorological stations in The Netherlands, were
derived from the Royal Dutch Meteorological In-
stitute (KNMI). In order to analyse annual varia-
tion in reproductive parameters in relation to we-
ather, we used relative temperature, i.e. the differ-
ence between the actual temperature and the long-
term average value (1961-1990), for the dates
concerned. The statistical package used for the
analyses was SX (version 4.0, NH Analytical
Software Compo 1992). All tests were two-tailed,
unless stated otherwise.
RESULTS
Marsh Harriers in The Netherlands: ringing
data
Quantitative data on annual variation in repro-
ductive parameters of Marsh Harriers in The
Netherlands are lacking for the first half of the
20th century, but there is some basic information
on the number of nestlings ringed. From 1935 un-
til the early 1970s, the annual number of nestlings
ringed averaged about 25 (Fig. 2A). Subse-
quently, the numbers sharply increased to around
500 individuals annually. In total, 8285 nestlings
were ringed up until 1990. When eliminating
long-term trends, by expressing the annual num-
ber ringed as a multiple of the 5-year running
mean (Fig. 2B), considerable variation between
years remained. In the early years this is obvi-
ously related to the small sample sizes, but also in
recent years, when consistently more than 300
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Fig. 2. (A) The annual number of Marsh Harrier nest-
lings ringed in The Netherlands (1935-1993, source:
Vogeltrekstation Heteren). (B) The number ringed, ex-
pressed as a multiple of the 5-year running mean. Clo-
sed symbols represent vole peak years in The Nether-
lands, as reported by van Wijngaarden (1957) and Cave
(1968).
nestlings were ringed, the annual figures also var-
ied considerably. Especially during the late 1940s
relatively high numbers of Marsh Harriers were
ringed during peak vole years (evident country-
wide: van Wijngaarden 1957). Potentially, fluctua-
tions in population size, reproductive output
(number of nestlings per brood) or ringing inten-
sity may be responsible for the observed varia-
tion. While ringing intensity undoubtedly chan-
ged over the years, this cannot be quantified. Vari-
ations in population size and reproductive success
will be analysed here, with special reference to
the Marsh Harrier populations in Flevoland and
the Lauwersmeerpolder.
Fig. 3. (A) The number of Marsh Harrier nests in (A):
the Lauwersmeer (90 km2) after reclamation in 1969,
and (B) South Flevoland (430 km2), reclaimed in 1968.
Fluctuations of the breeding population
Little is known about the number of breeding
pairs of Marsh Harriers in The Netherlands in the
first half of the century. The first estimate of the
total Dutch breeding population was c. 200 pairs
in 1940 (Bakker 1954). Before this, estimates are
available only for some local populations and re-
stricted time-spans (e.g. van der Ploeg et al.
1976), and the total number was probably similar
as in 1940. Through rapid colonization of the
Noordoostpolder (Bakker & van der Zweep 1949
& 1954), reclaimed in 1940, the Dutch population
expanded to 400 pairs in 1950. During the next
twenty years the numbers decreased, until 100-
150 pairs were left in the late 1960s. This decline
has been attributed to the combined effect of per-
secution and the use of persistent pesticides (Bij-
leveld 1974, Teixeira 1979). In the 1970s a strong
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increase in numbers occurred, to about 1000 pairs
in 1980 (SOVON 1987). The population contin-
ued to expand in recent years: in 1992, approxi-
mately 1400 breeding pairs were estimated for
The Netherlands (Bijlsma 1993).
The new polders South Flevoland and the
Lauwersmeer, account for a large part of the pop-
ulation expansion (Teixeira 1979, Altenburg et at.
1987). The reedbeds in South Flevoland (430
km2) were colonized rapidly, and a maximum of
350 pairs (0.81 pairs km-2) was reached in 1977
(Fig. 3B), which was more than half the Dutch
population at that time. Although cultivation of
the reedbeds was already in full progress by then
(see Fig. 1), the numbers declined only since
1981. After 1985 (125 nests), the rate of decline
decreased, resulting in about 100 nests in 1993,
mainly concentrated in two nature reserves, Oost-
vaardersplassen and Lepelaarplassen (Fig. 3B).
In the Lauwersmeer it took longer before the
area was colonized (Fig. 3A, Altenburg et at.
1987). Suitable breeding habitat developed more
gradually, because of the high salinity of the soil
(Joenje 1978). Peak numbers were reached in
1983 (83 nests; 0.91 pairs km-2), 14 years after
reclamation. Subsequently the population de-
clined steadily, although no large-scale cultiva-
tion has taken place. In 1994, ten years after the
peak, there were 38 nesting attempts (Fig. 3A). In
1994 only 10% of the Dutch population was lo-
cated in South Flevoland and Lauwersmeer, due
both to the decline in those areas, and a simulta-
neous increase in other parts of the country, espe-
cially the Wadden Sea islands and the Meuse-
Schelde delta (Bijlsma 1993).
Food abundance and predation
New land reclamations are characterized by
colonization of a limited number of plant and ani-
mal species, with high densities caused by rapid
growth and reproduction. Extremely high den-
sities of the Common Vole, one of the most im-
portant prey species of wetland raptors (Glutz von
Blotzheim et at. 1971), are also typical of young
polders (Cave 1968, Dijkstra 1994). In later years
vegetation succession is slower and vole 'pla-
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Fig. 4. The percentage of Marsh Harrier broods in
F1evoland where fresh, as yet uneaten prey was present
at the nest when the nestlings were ringed. This per-
centage declined in the course of the thirteen years of
study: logistic regression: 0 deviance = 78.7, Fl,ll =
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Fig. 5. The number of Red Faxes in the Lauwersmeer
(population size) and South Flevoland (the number re-
ported as traffic victims or drowned in canals).
gues' were not recorded anymore in the naturally
developing parts of the study areas. Since the
Marsh Harrier is not a typical vole specialist, it re-
mains speculative whether the total potential prey
abundance for this raptor indeed decreased with

















Fig. 6. Annual variation in failure of Marsh Harrier
nests in the Lauwersmeer and Flevoland from 1975-
1995.
bite wounds. Sometimes predation by a fox was
actually observed, and remains of Marsh Harriers
were found at fox dens. Especially in the Lauwer-
smeer, harrier nests were vulnerable to ground
predators because the reedbeds are relatively dry.
The situation is different in Flevoland, where
large inundated reedbeds are present in the two
nature reserves. Since 1990, Marsh Harrier nests
in these reserves were sited exclusively at inun-
dated spots (pers. obs.).
Parameters of reproductive success
Long-term trends in breeding performance
Figure 7 gives an overview for both study areas of
the average clutch size and number of fledglings
raised, during the study period. The average
clutch size was 4.59 eggs (SD = 1.0, n = 397) in
Fig. 7. Annual variation in clutch size and brood size
at fledging in (A) the Lauwersmeer, and (B) Flevoland.
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the age of the polders. Prey species may include
birds and their eggs, mammals, amphibians and
fish (Schipper 1973a, Witkowski 1989, Clarke et
at. 1993). However, the proportion of nests where
fresh, yet uneaten, prey was present when the
young were ringed, decreased significantly over
the years (Fig. 4), suggesting worsening food
conditions.
Foxes colonized the polders during the second
decade after embankment (Figs. 5A & B). This
species is a competitor for food, and a predator of
Marsh Harriers. After the appearance of the fox in
the Lauwersmeer, colonies of ground-nesting spe-
cies, such as gulls disappeared within two years,
and the number of breeding ducks and waders de-
creased considerably (Beemster et at. 1989).
These species, their eggs and young were regu-
larly preyed upon by Marsh Harriers in the early
years after embankment of the polders (Altenburg
et at. 1987). Furthermore, harrier nests were pre-
dated by foxes and occasionally adults were kil-
led. The first foxes were observed in the Lauwer-
smeer in 1985, after which their numbers rapidly
increased (Fig. 5A), while the annual number of
Marsh Harrier nesting attempts and nesting suc-
cess declined (e.g. Fig. 3A, Fig. 6). In the major-
ity of cases there was direct evidence for preda-
tion, such as broken eggshells or dead young with
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the Lauwersmeer, and 4.68 eggs (SD = 0.99, n =
590) in Flevoland (Mann-Whitney-U-test, z =
1.226, N.S.). The most frequent clutch size was
five (n =431, 43.6%, range 2-8). A slight but sig-
nificant decrease in clutch size of about 0.5 egg
occurred over the study period in both polders
(Figs. 7A & B, combined data: clutch size = -
0.024 x years after embankment + 6.63; n = 987
clutches, F],985 = 14.8, P < 0.001). The number of
fledglings per successful nest also decreased
slightly by about 0.3 fledgling over the study pe-
riod (combined data: numbers fledged = -0.014 x
years after embankment + 4.30; n = 1260 broods,
FU258 = 6.12, P < 0.05). The number of fledg-
lings produced per egg in successful nests did not
change over the twenty years of study. However,
the number of fledglings per nest (including failed
nests) decreased significantly, both in the Lauwer-
smeer (Fig. 7A, Y = -0.08x + 8.96, n = 642, F] 640
=45.2, P < 0.0001) and in Flevoland (Fig. 7B, Y=
-0.04x + 5.62, n = 896, F) 894 = 6.42, P < 0.02).
The strongest decline occ~rred in the Lauwer-
smeer (difference between slopes: F]]534 = 4.83,
P < 0.05). '
Clutch initiation occurred over 81 days, from
23rd March to 14th June (n = 1385 nests), Mean
laying date in the Lauwersmeer from 1977-1994
was 30th April (day number counted from 1 Janu-
ary: 119.5 ± ILl, n = 553), and in Flevoland
(1975-1988) four days earlier: 115.9 ± 10.7, n =
826, Mann-Whitney-U-test, z = 5.89, P < 0.001).
A similar difference was found in Kestrels Falco
tinnunculus (Beukeboom et al. 1988). Onset of
laying became later in the course of the years (n =
1379 nests, FI1376 =44.9, P < 0.001), in combina-
tion with a consistent difference in timing be-
tween the study areas throughout the years
(FU376 = 15.3, P < 0.001).
The clutch size of many single-brooded spe-
cies declines with laying date (Klomp 1970, Daan
et al. 1989). In the Marsh Harrier there was a neg-
ative relationship both for the annual means of the
variables (annual mean clutch size =-0.032 x an-
nual mean laying date + 8.44, n =20, F] ]8 =5.3,
P < 0.05), and individual values combi~ed over
all years and both areas (Fig. 8; clutch size = -
6 n= 113 293 324 94 50 13
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Fig. 8. (A) Mean clutch size ± SD and brood size at
fledging for lO-day clutch initiation intervals (all years
and both areas combined). The numbers indicate the
number of nests. (B) Linear regressions for individual
years of clutch size and laying date, for the Lauwer-
smeer population.
0.034 x laying date + 8.86; n = 903, F),90] =
163.9, P < 0.001). This latter relationship differed
between years in terms of the intercept (Fig. 8B;
F]8883 =2.01, P < 0.01), but not the slope (year x
laying date interaction: F]8865 = 1.26, N.S.), and
did not differ between Fl~voland and Lauwer-
smeer (F] 882 = 1.32, N.S.). Apart from laying
date, appa~ently additional year-specific factor(s)
impose an effect on the clutch size produced.
Annual fluctuations in breeding performance
Weather conditions influence thermoregulation
costs and may also influence the profitability of
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Table 1. Annual Common Vole-index, i.e. the
average number of Common Voles captured per
100 trapnights in the Lauwersmeerpo1der (March,
July and September 1981-1992). Peak vole years
are indicated with *. Sources: 1: this study, 2:
live-trapping (Daan & Slopsema 1978, Hoogen-
boom et at. 1984), 3 & 4: Kestrel vole hunting-
yields (Masman et at. 1988, Dijkstra et at. 1990),
5: Marsh Harrier and Montague's Harrier vole
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Fig. 9. Annual index of fledgling production of the
Lauwersmeer population, expressed as a multiple of
the 3-year running mean. (e): vole peak years; (0):
other years (see Table 1).
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hunting behaviour (Rijnsdorp et at. 1981, Mas-
man et at. 1988). Effects of temperature and rain-
fall on the reproduction of various species of rap-
tors have been demonstrated (Cave 1968, Meijer
et at. 1988, Bij1sma 1993). Since the Dutch Marsh
Harrier population is migratory (Dijkstra & Zij1-
stra 1994), local weather conditions during winter
might be irrelevant. The number of days with
maximum temperature below zero (frost-days,
Unsen 1991), scored each winter from November
through March, had no significant effect on clutch
size (n =987 clutches) or laying date (n = 1385)
of Marsh Harriers during the years 1975-1994.
Fig. 10. Annual index of fledgling production of the
Lauwersmeer population, expressed as a multiple of
the 3-year running mean, as a function of the vole-in-
dex (voles trapped per 100 trapnights). The annual
vole-index was established by taking the average value
of the March, July and September census (4500 trap-
nights per year).
However, annual mean clutch size was positively
correlated with the annual deviation from long-
term average temperatures during the (pre)-laying
month (21 March-20 April): (y =0.09x + 4.51, n =
20, Fus =5.8, R2 =0.26, P < 0.05). Annua11ay-
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Table 2. Mean clutch size (x), standard deviation (SD) and numbers (n), laying date and fledgling pro-
duction of Marsh Harriers in the Lauwersmeer (1977-1994), during vole peak years and other years.
The relative size of the Marsh Harrier breeding population in any year was calculated by expressing the
number of nests as a multiple of the 3-year running mean, thereby controlling for the long-term trend in
population size (see Fig. 3). The same method was used to calculate relative fledgling production of the
population. Mann-Whitney-U-test.
Peak vole years other years
Reproductive parameters x SD n x SD n P
Clutch size 4.74 1.06 137 4.50 0.95 255 <0.05
Laying date 119.90 11.50 204 119.50 10.80 338 N.S.
no. fledglings per successful nest 3.19 1.01 187 3.02 1.01 298 N.S.
no. fledglings per nest (all nests) 2.55 1.57 234 2.29 1.56 393 <0.05
Annual relative no. nests 1.07 0.04 6 0.97 0.06 11 < 0.01
Annual relative no. fledglings per nest 1.11 0.09 6 0.95 0.08 11 < 0.01
Annual relative total fledgling production 1.18 0.09 6 0.92 0.07 11 < 0.01
Table 3. Multiple regression analyses of individual clutch size in the Lauwersmeer population. In the
analysis given above, two variables were dropped from the model: years after embankment and temper-
ature pre-laying month (R2 =0.20, n =358). In the analysis given below, laying date was excluded from
the model (R2 =0.045, n =392).
independent variables coefficient F P
individual laying date -0.036 18.6 < 0.0001
annual vole category +0.203 5.1 <0.05
annual vole category +0.294 7.1 < 0.01
years after embankment -0.029 10.2 < 0.002
temperature pre-laying month +0.037 5.9 <0.02
ing date was negatively associated with tempera-
ture during this time of year: (y = -0.57x + 119.7,
n =20, F l18 =6.7, R2 =0.28, P < 0.02). No signif-
icant effect of rainfall (amount and duration) on
laying date and clutch size could be detected.
Food abundance has probably declined in our
study areas during the twenty five years after em-
bankment (Fig. 4). Superimposed on these long-
term changes, are annual differences in prey den-
sity. One of the prey species of Marsh Harriers is
the Common Vole. This species exhibits a 3-year
population cycle, which is very pronounced at
high latitudes (Hansson & Henttonen 1988), and
is also detectable in the temperate zone (van
Wijngaarden 1957). Using data from the Lauwer-
smeer vole trapping census, and additional infor-
mation from other sources, local vole peak years
could be defined (Table 1). Clutch sizes during
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vole peak: years in the Lauwersmeer were signifi-
cantly larger than in the remaining years (Table
2). However, in spite of the negative association
between clutch size and laying date, as shown be-
fore, mean laying date in vole peak: years was the
same as in other years (Table 2). This indicates a
direct effect of annual vole abundance on clutch
size, independent of laying date. This result is in
line with the year-specific relationship between
clutch size and laying date (Fig. 8B). Given a cer-
tain laying date, the clutch size produced was hig-
her in peak: vole years than in the remaining years.
Also the number of fledglings per initiated clutch
was 0.26 nestlings higher on average in vole peak:
years (Table 2).
In order to analyse the effect of annual fluctu-
ations in vole abundance on the number of nest-
ing attempts and total fledgling production we
corrected for the long term trends in these vari-
ables (Figs. 3A & 7A). For each year, the numbers
of nesting attempts and fledglings produced were
expressed as a multiple of their three year run-
ning-mean values. These relative estimates of
population size and production were significantly
higher in vole peak years (Table 2, Fig. 9). For the
twelve years when vole abundance was quantified
in the trapping census (1981-1992, see Table 1),
the relative annual fledgling production of the to-
tal population was positively associated with the
vole index (Fig. 10).
Only for the Lauwersmeer vole abundance es-
timates were available for the years under study,
and for this area a multiple regression analysis,
explaining variation in clutch size and including
all independent variables mentioned thus far, was
performed (Table 3). This analysis revealed sig-
nificant independent effects of laying date (-) and
vole abundance (+) on clutch size. The signifi-
cance oftime since embankment (-) and tempera-
ture in the pre-laying period (+) on clutch size,
was absent when laying date was included in the
model. Apparently these factors impose an effect
on both clutch size and laying date, and have no
date-independent effect on clutch size, in contrast
to annual vole abundance.
DISCUSSION
The breeding population of the Marsh Harrier in
The Netherlands expanded from 100-150 pairs in
the late 1960s to about 1400 pairs in 1992 (Teix-
eira 1979, Bijlsma 1993). Several factors may
have allowed this tenfold increase in roughly
twenty years. First, the ban on persistent pesti-
cides in Europe had a positive effect on reproduc-
tive output (Opdam et al. 1987, Witkowski 1989).
These compounds caused direct mortality (Koe-
man et al. 1969), and, at sub-lethal levels, affected
hatchability of the eggs through shell-thinning,
resulting in dramatic declines of population size
of several raptor species after 1950 (Newton
1979). A second mortality factor was severe hu-
man persecution (Bijleveld 1974, Newton 1979).
During the 1960s and early 1970s, however, pro-
tective legislation of raptors was established in
many European countries, including France and
Spain where previously many Marsh Harriers
were shot on migration (Dijkstra & Zijlstra 1994).
Although the laws are still frequently violated,
persecution has probably become less severe dur-
ing the last two decades (McCulloch et al. 1992).
For the Dutch Marsh Harrier population, a third
factor, analysed in this study, was the habitat ex-
pansion due to the reclamation of South Flevo-
land (1968) and the Lauwersmeerpolder (1969).
The South Flevoland population reached a
maximum of 350 pairs, ten years after embank-
ment (Fig. lA). At that time more than 50% of the
Dutch population was breeding in the new pol-
ders, and the recovery of the population on the
traditional breeding grounds was much slower
(Teixeira 1979, Bijlsma 1993). A moderate in-
crease also occurred in other W. European coun-
tries in the early seventies (Underhill-Day 1984,
Jorgensen 1989). The high density of approxi-
mately one pair km-2 indicates the apparent attrac-
tiveness for Marsh Harriers of the young polders.
Although reproductive performance during the
first years of colonization may be relatively low
due to settlement of unexperienced, subadult
breeders (Altenburg et ai. 1987), the most favour-
able circumstances for Marsh Harriers in the pol-
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ders probably occurred during the first decade af-
ter colonization. During the 1980s the harrier
populations in both polders declined consider-
ably. Furthermore, clutch and brood size de-
creased significantly during the twenty years of
study, and laying dates became later. Clutch size
was negatively associated with laying date and
there is strong evidence that later laying generally
reflects poorer conditions (Daan et al. 1989). This
strengthens the view that breeding conditions de-
teriorated with the age of the polders. Several fac-
tors were probably involved in these long term
changes. First, the area of suitable breeding habi-
tat in South Flevoland decreased to only 10% of
that available immediately after reclamation.
During the 1980s, this probably limited the num-
ber of breeding pairs. Simultaneously, food avail-
ability was probably reduced, since fresh prey on
the nests became increasingly scarce over the
years (Fig. 4). This reflects the combined effect of
(1) habitat succession accompanied by less pro-
nounced 'outbursts' of prey species such as the
Common Vole (Dijkstra 1994), and (2) a reduction
of potential hunting habitat for harriers, due to ur-
ban development, and growth of forest planta-
tions (Fig. 1). Probably prey abundance was also
lower in intensively managed farmlands, com-
pared with the preceeding cultivation stage, when
trenches with natural vegetation were available,
at every ten meters distance. Hunting harriers
show strong preference for these elements in ar-
able land (Underhill-Day 1984). In addition to the
restriction of breeding habitat and less favourable
food circumstances, also nest predation had an in-
creasing negative effect on reproductive success
during the 1980s. In both polders the number of
foxes rapidly increased, accompanied by an in-
crease in nest predation to 40-50% in the Lauwer-
smeer. These figures are attributable to the lack of
inundated reedbeds, in contrast with the nature re-
serves Oostvaardersplassen and Lepelaarplassen
in South Flevoland. At locations where nests were
frequently predated in the Lauwersmeer, the num-
ber of nesting attempts dropped considerably
(pers. obs.), resulting in a reduction of the local
population. Emigration was evidently involved,
because marked breeding birds were occasionally
recorded nesting outside the Lauwersmeer in the
year after a nest failure, but not after a successful
breeding attempt. During the 1990s the annual
fledgling production in the Lauwersmeer varied
from 1.3 to 2.1 fledglings per initiated clutch.
These figures are low compared with the early
years of our study and other populations (Bock
1979, Underhill-Day 1984, JOrgensen 1989, Wit-
kowski 1989). In another population suffering
high predation pressure, a similar, low production
of 1.6 fledglings per nest was found (Bavoux et
al. 1989).
Superimposed on these changes were annual
fluctuations in local Common Vole densities,
which had a considerable effect on the number of
breeding pairs, as well as on fledgling production.
Although the Marsh Harrier is generally regarded
as a generalist (Schipper 1973b & 1978, Witkow-
ski 1989), compared to vole specialists like the
Kestrel Falco tinnunculus and Short-eared Owl
Asio fiammeus, voles were apparently of major
importance for the demography of harriers in the
young polders. Annual variation in weather also
affected Marsh Harrier reproduction: mean an-
nual laying date was negatively correlated with
the average temperature during the period from
21't March to 20th April. Clutch size was posi-
tively associated with temperature. During this
month, most local breeding birds have returned
from their wintering grounds, and male-female
prey deliveries occur in preparation for laying.
Since the average temperature during this month
was 5.8°C, and the years under study varied in
temperature from O°C to 13.6°C, there could have
been considerable annual variation in thermoreg-
ulation costs. The mechanism of this temperature
dependence is unknown but the allocation of en-
ergy to egg formation is apparently retarded un-
der adverse temperature conditions. In the seden-
tary Dutch population of the Kestrel, winter se-
verity affects subsequent timing of reproduction
and clutch size (Cave 1968, Meijer et al. 1988).
Our results suggest that breeding conditions
for Marsh Harriers have been particularly favor-
able during the period immediately after reclama-
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tion of the polders, as soon as suitable breeding
habitat had developed. High food abundance and
low predation pressure were the main reasons for
the high reproductive output in the early years af-
ter embankment of the polders. It has been sug-
gested that the general increase of the Marsh Har-
rier breeding populations was initiated by surplus
production in Flevoland during the 1970s (e.g.
Teixeira 1979, Meininger 1984, Underhill-Day
1984). However, whether fledgling production in
these areas was high enough to explain the initial
increase in the local breeding population, and at
the same time accounted for increases elsewhere,
can only be calculated when annual survival and
the age of first breeding are known. These life his-
tory parameters were assessed also within the
framework of this study (c. Dijkstra unpubl.
data). The results indicate that net immigration to
the polders has occurred during the first 5-7 years
after settlement, whereas substantial emigration
of former breeding birds and potential recruits has
taken place during the next decade. Frequent nest
predation in the Lauwersmeer in recent years cau-
sed reduced recruitment, which was insufficient
to compensate adult annual mortality (C. Dijkstra
unpubl. data). We anticipate that this population
will be further reduced. Both, initial immigration
and recent emigration of harriers, illustrate adap-
tive responses to temporal variation in environ-
mental circumstances. Furthermore, natural selec-
tion will favor individuals showing preference for
indundated nest sites in the presence of ground
predators.
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SAMENVATTING
In deze studie werd de tempore1e variatie in broedpres-
taties van de Bmine Kiekendief onderzocht in de pol-
ders Zuid-Flevo1and (droogge1egd in 1968) en de Lau-
wersmeer (1969). Het aantal broedparen in Flevoland
nam snel toe tot een maximum van 350 paren (± 1 paar
km-2) in 1977, gevo1gd door een sterke afname in de ja-
ren tachtig. Een ze1fde verloop trad op in de Lauwer-
smeer, hoewe1 de ko1onisatie langer op zich 1iet wach-
ten en de grootste dichtheid later werd bereikt (1983),
waarschijn1ijk a1s gevo1g van een tragere successie
door de zilte uitgangssituatie. In beide studiegebieden
namen de gemidde1de 1egse1grootte en het aanta1 uitge-
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vlogen jongen per nest ai, gedurende de twee decennia
na de kolonisatie. Drie factoren waren verantwoorde-
lijk voor de afnemende broedprestaties: (1) een sterke
reductie van het oppervlak potentieel broedbiotoop, als
gevolg van cultivatie in Flevoland, (2) een reductie in
het voedselaanbod in de loop der jaren, gei1lustreerd
door een steeds kleinere fractie nesten waar verse prooi
werd aangetroffen, en (3) een toename van predatie van
eieren en jongen, vooral als gevolg van kolonisatie
door de Vos in de jaren tachtig. Het simultane effect
van deze factoren, resulteerde in een sterke reductie
van de broedpopulaties van de Bruine Kiekendief in
beide polders. In de Oostvaardersplassen en de Lepe-
laarplassen broedt de soort sinds 1990 bijna exclusief
in ge"inundeerde rietvelden. Deze broedplaatsen zijn re-
latief veilig voor grondpredatoren en de aantal1en
broedvogels zijn hier stabiel. In de Lauwersmeer ont-
breken grote opperv1aktes ge"inundeerd broedbiotoop.
Door de intensieve nestpredatie in deze polder (± 50%
van de nesten sinds 1990), is het broedsucces zodanig
1aag dat de loka1e popu1atie zich in de toekomst niet
kan handhaven zonder immigratie vanuit gezonde
(bron)populaties.
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